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.1.  Sellmramaii 
N(5zer  1).  S liif’piirwa  I 1 a 


I . lilt  rodiict  ion  and  Summary 

M.inv  rruimifac t ured  products  have  a Ions;  life  v»ihen  used  under  normal 
conditiiins.  It  won  ill  hi'  t ime-consumlnp,  to  estimate  the  life  (or  failure) 
d i s t r i hut  ion  of  a product  under  normal  or  use  condition  stresses.  One 
therefore  tests  the  product  under  hiy;h  stress  conditions,  makes  some  as- 
sumptions relating  life  under  liijth  stress  to  life  under  normal  stress, 
and  thi'ii  estimates  the  life  distribution  under  the  normal  stress.  This, 
in  brief,  describes  the  problem  that  p.oes  bv  the  name  of  "accelerated 
life  tests,"  which  has  also  found  applications  in  bioassay  experiments. 

Practitioners  in  this  area  cnrrentlv  make  two  assumptions:  first, 
the  life  distributions  under  all  stresses  are  assumed  to  helonv;  to  a common 
parametric  tamily,  .ind  second,  a rel.it  ionshi  p,  usiuillv  referreil  ti'  .is  a 
"time  t r. ms  format  ion  function,"  is  assumed  .imonp.  the  parameters  under  dlf- 
lerent  stresses.  For  ex.imple,  it  is  common  to  .issnme  that  the  lift'  distri- 
butions belony’,  to  an  exponentl.il,  Weihull,  or  lopnorm.il  f.imilv.  Kx.imples 
of  time  t rans  form.it  ion  functions  .ire  the  inverse  power  l.iw,  the  Arrhenius 
l.iw,  and  the  Kyrlnp  law  (M.inn,  Schafer,  and  Sinppnrw.i  I la  (l‘>74),  p,  4211. 

In  this  p.iper  we  drop  the  .issnmption  of  .i  common  paranu'tric  family 
for  life  distributions  under  all  stresses  but  retain  a version  of  the  time 


1 1 anst  I'tmat  ii)n  liimtiiMi.  W»‘  show  how  to  ostlmato  t lu‘  I I to  illstribut  ton 
ions  i >it  I'nl  1 V iinilor  normal  si  toss.  Wo  thon  show  how  to  tost  lor  a spooi- 
1 toil  lomiih'ii  parami-t  r to  lamilv  tor  t ho  lito  dlst  r that  tons  imdor  illfforont 
st  rossos.  Thus.  w«‘  aro  ahlo  to  tost  llu>  validity  of  t lio  first  of  t ho  two 
assumptions  imido  in  onrront  praot  loo  in  aoooloratod  1 1 f o tostlng  if  wo 
aro  willing,  to  assnmo  a timo  t i ans  torm.it  i on  fnnotion.  in  a sidisoquont 
p.ipoi  ll’iosihan  and  S i np.pnrw.i  1 1 a (1^*7S)|,  wo  shall  drop  both  thoso  as- 
sumption-. .iiul  tro.it  t ho  prohlom  oomplotolv  iionii.iramot  r ioa  I ly  . 

. I ho  Invoi'.o  I'owoi  1 .iw  .ind  Its 
donor. 1 1 I .'od  \'oi  s ion 

I'lio  invoi-.o  powor  l.iw  h.is  found  ,ipp  1 I oat  i ons  in  aoooloratod  llfo 
losiiny,  ot  olooit.niii  oompononts,  .md  in  bioassav  oxporimonts  of  oari'ino- 
I'.isiio  snl'-- 1 .nii'os  lot.  W.io.nor,  Itorrv,  .nul  Timbroll  (1'I71)].  l.ovonbach 
tl'-ti/l  li.i'i  nsod  t ho  invorsi-  powor  I.iw  for  analyzinyt  tost  rosiilts  on  p.ipor 
improo.n.it  od  diolootilo  o.ip.ioitors  and  snpportod  his  ohoioo  of  this  timo 
t r. instorm.it  ion  t'v  .in  ompirio.il  obsorvat  Ion  that  t ho  moan  1 i fo  of  tho  oa- 
p.ioitors  is  invorsolv  I'roport  ion.i  1 to  an  unknown  powor  of  tho  appifod 
>.t  ross.  Sinoo  m.inv  itoms,  .nul  I'spooi.illy  o.ipaoitors,  .iro  assiimod  to  havo 
.III  oxpononti.il  or  .i  Woiluill  f.iiliiri'  distribution  at  all  st  rossos,  tho  fol- 
lowiny,  solnp  tor  .looo  1 or.it  od  1 i f o tost  ini’  has  hooomo  quito  oonvontional 
in  onp.  inoor  inp,  .ipp  1 i oat  i ons  . .M  stross  lovol  , l = l,.^....,k  , tho 

t.iiliiro  d ist  r ilnil  ion  is  .issnmod  to  bo  oithor  an  oxponontial  or  .i  Wi'ibnll, 

with  so.ili'  paramolor  0 . At  uso  oonditlon  V , tho  falliiro  dlstrilni- 

1 n 

lion  lu'loni’.s  to  tho  s.imo  p.ir.imotrlo  familv  with  so.ilo  paramotor  i' 

n 

Tho  soato  p.ir.imotors  aro  rolatod  to  tho  strosst's  .u'oordlnp  to  tho  rol.i- 
t ionsh i p 


.1  “ 1 , - k , VI  , 


(j.n 


whoro  t'  .Mill  1’  .iro  unknown  oonstants. 


In  hio.iss.iv  oxporimonts  roprosonts  tho  doso  lovol  of  a car- 

oinoponio  subst.iiu-o.  In  both  aoooloratod  llfo  tost  inp  and  bloassay 
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oxpor imiMit s It  is  assunn'd  that  the  Weibull  shape  parameter  Is  the  same 
for  all  stress  conditions. 

In  tins  paper  we  shall  retain  a version  of  the  inverse  power  law, 

hill  do  not  require  any  assumptions  about  a common  parametric  family. 

S[icc  i f ical  ly , suppose  that  tlio  failure  distribution  under  the  accelerated 

stresses  V.  , i=l,2,...,k  , is  F , where  F is  unknown,  and  that 
^ i M 

tiu'  failure  distribution  under  use  conditions  stress  V Is  G , where 

u 

G is  .ilsi'  unknown.  Furtiiermore , we  assume  that 


F (X)  = C 

i 


/v^x\ 

/ i = I ^ k 


(2.2) 


where  C and  P are  unknown  and  C depends  on  V . Wo  can  verlfv  that 

u 

it  F^,  and  G are  exponential  distributions  with  scale  parameters  0^ 

and  0^^  , respectively,  and  if  F.quation  (2.1)  holds,  then  F.quation  (2.2) 

follows.  ri)e  sumo  is  also  true  if  F^  and  G are  assumed  to  be  Weibull. 

1 

Thus,  our  model  is  prompted  by  the  models  previously  considered  in  the  lit- 
I’r.iture. 

Tsing  failure  data  at  tlie  k accelerated  stress  levels,  we  shall 
first  obtain  an  estiiruitor  of  P , say  P , and  then  obtain  a consistent 
osi Imalor  of  G . Finally,  we  propose  a method  for  testing  the  hypothesis 
that  all  tlie  failure  distributions  in  question  belong  to  a common  parametric 
family. 


1.  A Consistent  F.stimator  of  G 


hot  X . , 

1 . i 

. 1=1,2,.. 

. ,n. 

.1 

, denote 

the  observed 

failure 

times  under 

stress  level  V, 

, i=l,2,.. 

. , k 

. If  the 

vector  (X . , , 

X , * • • 

..  X.  ) is 

denoted  by  , then  from  Equation  (2.2) 


- 3 - 


T-  17.’. 


v'‘ 

k ^ lU' I 
1‘  k 


'•  , . »-l.- . I -1.. ’,...,  k , tlu'M  (l\«' 

I • ' 1 1 * » I 

• • 's  will  h.iv«-  a i'i»mim>n  miknowii  il  i s l i 1 l>nt  i I'u  . lajii  1 v.i  1 i>nl  1 v . 

1 * ^ 

-'i.!  “ '‘'••'•'l.i  • ^.l  " '’l  * ‘"•‘"'’l  • “ 

Xj  ^ I'v  I , auil  t h«'  j ^ ' s hav«‘  a I'otWK'u  vl  ist  r 1 1'lit  iv’n  tU\'  . It' 

II  ix^  IS  t lu'  uinkiu'w\0  vlist  rilnu  ivM\  ot  1 1>«'  x . l-l,.’....,n  , tiu'n 

I 1 • I i 

H^vxl  lUx  rV|>  . (-l.J k . 


In  iu  iUt  t >'  fstimati'  I'  . w«'  let 


“ )i  t , W|>|M  «'  I t)C' 

• * II* 


( , havf  iiH'an  0 aiul  v,s'ninK'n  va»  iano«>;  thus  x + I'v  - u “ i , • 

I » ^ i % t i ill 

W«'  iMM  naw  ahtain  t ha  laast  snuavi's  ast  imati'V  ot  I’  , sav  I’  , usiny\ 

St  auklat si  t I'ahn  i »iuas. 

Sinaa  H|t,x  - I’v  ^ > - lUx'  . t“l.J k , li^tx  - I’v  ^ ' , t ha 

amplriaal  a i st  r that  ion  ot  tx  - I’v  1 , n . Is  an  astinvitor 

III)  i 

I'l  IHx)  . A I'v'olt'a  ast  Imati'f  ot  IHx^  is 


} n,  II  (X  - I’v  1 


tux'! 


t i 
' k " 

"l 

1-1  ' 


t M'l 


Ilia  tol  lowina,  is  an  iiimiaaiata  »'onsanuanaa  ot  t ha  I'.l  lvanko-i\uu  all  I 


li'miiui . 


rhaoi»-i’i  1.1:  It  is  l.u>;a  tor  aaah  | . 1-1,-' k , than 

i'UxI  ^ llixl  unitormlv  in  x witii  ptoh.ihl  1 i t v 1 . 

thus,  w«'  hava  .in  astimatov  ot  t ha  aistvihution  ot  t ha  lv'i;arithws 
I't  tha  t.iilnra  t inx's  .it  us«'  aonaitions  strass.  As  is  wall  known,  .i 


f"i».  i«  • 


M 
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l OiisiiliMMi  ion  of  t iu‘  lonarithms  of  tin*  f.iiluro  timos  fs  not  too  unrcason- 
al)  lo  in  lift-  ti'stinj’.  sitviations. 

In  t lio  noxt  si-otii'ii  wo  shall  liisonss  tiu'  tostinj;  of  hvpi'thosos 
li'i-  a spooifiod  paramotrlc  family  for  tlio  distribution  ll(x)  . 


a.  Tost  s of  Hvpotijosos  _fyir  iJ_Ie_^_(IcimTnon 

rararaoirio  Family  of  l.ife  distributions 


Wi'  shall  oonfino  our  discussion  to  tests  of  hypotheses  for  dis- 
tributions of  the  location-scale  type.  Such  distributions  are  commonly 
assumed  in  life  testing  situations. 

. 1 I’re  1 iminar  ies 

Suppose  that  wo  wish  to  test  the  null  hypothesis  that  the  unknown 


distribution  IKx)  is  of  the  form 


'>o(  t)  • 


where  a and  P arc  the 


unknown  location  and  scale  parameters,  respectively. 

Since  , = Z;  ( " I’iosV  , i = l,2,...,n  , j = l,2,...,k  , testing 

-1  * ^ J » ^ J .1 

till-  hypothesis  that  ll(x)  = ll^^j— is  equivalent  to  testing  the  hypoth- 


/x-rt  A 

I'sls  that  li.(x)  = 11^  i(  distribution  belongs  to 


th*-  same  parametric  family  of  distributions  as 

.ir»'  the  unknown  location  and  scale  parameters,  respectively,  of  H.  .(•)  . 

* .1 

For  ex.imple,  if  extreme  value  distribution  with  location  pa- 


rameters a 


and  p , that  Is,  if  H^(x)  = 1 - exp^-exp|^^|j  , 


_oo  < X < “"  , 


then  II  .ix)  is  also  an  extreme  value  distribution  with  location  param- 
^ « .1 

eter  a - PlogV  and  scale  parameter  P . 


We  next  present  some  results  for  testing  the  null  hypothesis  that 


H,(x) 


when  otj  and  Pj  are  estimated  from  the  data,  and 


then  adopt  these  for  testing  hypotheses  about  ll(x) 


- 5 - 
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4.J  l.imittii>;  Jlut  r iluiJ  ii>n  I'l'  .»  Ki’ linogorov- 
Sminii'v  tvpi'  st.U  ist  ii-  with  ostim;itOi) 
location  and  scalo  paramotors 


t\->nslilor  tho  problom  o(  tost  Inc  wltothor  tho  distribution  of  x,.  , 

Ik 

X., X bt'K'nyts  to  a 'Vr.;'  looatitnt  and  scal»‘  familv,  with 

1-  jn^  • 

tho  pattioular  valiios  i>f  tho  locatiiut  and  soalo  parami'tors  KOt  both  kiw.'r,. 


Mi'ro  pii'oisolv,  wo  wish  to  tost  tho  null  hvpothosis  H (x) 


for  all  X .tnd  for  soiik'  valuos  of  a,  and 


II,. -si.  !lj(xl  - • 


tho  maximum  likolihood  estimators  of  hasod  upon  tlio  assumed  null 

bvpotiu'sis  distribution  11  ,(*)  . 

• ,1 


W»'  dot  ino  tho  followinj;  iiuantitlos: 


X . . - vt  , 

i . t i , 


. I < 1 < n 


1 1 

b',  ft)  - — ''  1 Til  /Y  i”I  . 0 < t S 1 , whori 

’•"i  "i  i-1  J 

I If  I denotes  tho  indicator  of  the  event  1'  ; 

V (t)  ••  fn  ) /W  (t)  - t\  . 0 < t < 1 . 

.1  V / 


hot  nlO,  1 1 dotii'to  tho  space  of  functions  on  [0,1]  which  are 

p 

rip.bt  continuous  and  have  lott-hand  limits,  and  lot  " ^ " denote  con- 

vergence in  disl ribut Ion. 


h 
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nii'iifi-ni  •'* . 1 iDiirhiii  (I'*?)),  Si-rfliiiK  .iiid  Wood  (1^)76)):  liiidor 


H.(x)  ’ 11 


, tlu*  "ompi  rlcal  stortiastic  process,"  {V.  (t); 

1 *'1, 


" i 1 1 in  1)10,1]  , wliiTi'  V is  a Oaiissian  process  de- 

le rmi  mil  hv 


(i)  K 1 V ( t ) 1 = 0 , 0 < t < 1 and  for  all  0<s,t<l: 

(ii)  I'l[V^\s)V^*(t)  1 = min(s,t)  - st  + other  terms  which  depend 

on  H,,  ,(*)  and  the  properties  of  a.  and  B. 

1 . n . .1 , n . 


A consequence  of  the  above  theorem  and  the  continuous  mapping 
Ihei'rem  [Billingsley  (1468)]  is  the  limit  law  of  the  Kolmtigorov-Smirnov 
ti'St  stat  i st  ic 


1)  = max 

n . 

1 


axp  , -n  \ 

V'\i  "j/ 


where 


0 = sup  V.  (t)  and  0 = inf  V.  (t). 

■'i  0<t<l  ’-"i  0<t<l  J*”i 

The  limit  law  of  I)  is  given  by  the  law  of  the  random  variable 

' i 


win- re 


1)  = max(n  , -D  ) , 


I)^  = sup  V^(t)  and  D = inf  V^(t)  . 


0<.t<l 


0<t<l 


Serf  ling  and  Wood  (1976)  and  Kac,  Kiefer,  and  Wolfowitz  (1955) 

have  obtained  an  expression  for  F.[V^(s)V^(t)  1 when  .(*)  is  assumed 

0,3 

to  be  a normal  distribution,  and  when  ci.  and  P.  are  the  sample 

J.Oj  J,n^ 

nn-an  and  the  sample  standard  deviation,  respectively.  This  was  used  to 
perform  a Monte  Carlo  experiment  for  simulating  the  distribution  of  the 

limiting  random  variables  , D , and  D . Serfling  and  Wood  also 


Ll 
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gave  us  a 
ables  us 


tabJe  of  the  quantiles  of  the  simulated  distribution  that  on- 
to perform  a tost  of  the  hypothesis  that  (•)  is  a normal. 

^ » J 


A similar  set  of  tables  has  been  provided  by  Durbin  (1975)  for  testing 

the  liypothcsls  that  H_  .(•)  is  an  exponential  distribution. 

D » J 


Chandra  and  Singpurvalla  (1977)  have  obtained  an  expression  for 

ElV  (s)V  (t)]  wlien  H_  .(•)  is  assumed  to  be  an  extreme  value  distri- 

J 

bution.  This  has  been  used  to  simulate  the  distribution  of  , D , 
and  D and  to  obtain  a table  of  quantiles  similar  to  the  one  obtained 
by  Serfllng  and  Wood. 


Thus,  using  the  results  described  above  we  can  perform  a test  of 
the  hypothesis  that  either  a normal,  an  exponential,  or  an 

extreme  value  distribution,  each  with  estimated  location  and  scale  pa- 
rameters. 

Our  ultimate  goal  is  to  test  hypotheses  about  H(x)  , the  dis- 
tribution of  the  logarithms  of  the  failure  times  at  the  use  conditions. 
Tliis  is  discussed  in  the  next  section. 

4.3  Tests  of  hypotheses  about  failure 
distribution  at  use  conditions 


In  Theorem  4.1  we  showed  that  under  the  null  hypothesis 


Hj(x)  = Hq  J "empirical" 

0 < t < 1}  V°  , for  j=l,2,...,k  . 


stochastic  process  {V.  (t)  ; 


J ."j 


If  we  now  require  that  the  life  tests  at  the  k accelerated 
stress  levels  ^ 2' ‘ ‘ k conducted  independently,  then  the  pro- 
cesses {V  (t)  ; 0 < t < 1}  , j=l,2,...,k  are  mutually  independent. 

j.Hj 


In  order  to  state  our  next  result,  it  is  convenient  to  define  the 
following  quantities: 


T-  MU 


k 

• / ( t ) •=  ) A , V . ( t ) , 0 < t < 1 . 

,i-l  ' '•■’i 


Wf  sit. ill  rcfi-r  lit  ilio  sttti-ltast  lo  prooi'ss  {Z(t);  0<t‘ll  .is  thf  jw'h'ii 
I’lrr,' ! 


rill'll  it  follows  from  'riiooroiti  1.2  of  II 1 1 1 i iip.s  I i>v  (l^luS)  .iiul  t lio 
proiiort  ios  ot  (kuissi.in  pioot's.sos  tti.it  tfio  pooli'il  I'mp  I r lo.i  1 priiooss  is 
sill'll  tlial 


Tlius  till'  limit  law  of  tlu'  statistio 


ill  M|0,11  . 


who  ro 


aiui 


is  tlio  limit  l.iw  of  sup 

0<f  I 


|v''(t)|  . 


(4.11 


{U.J) 


(4.  n 


If  llji  olio.si'ii  to  111'  oltlior  a normal,  an  oxponontial,  or 

.in  I'xt  ii'mo  v.iluo  il  i st  r i hut  Ion , thon  t ho  ahovo  rosult  plus  t lio  rosults  of 
Soct  Ion  -'1.2  provlilo  us  with  a mi'olianlsm  for  lost  inn  hvpothosos  ahout  U(x) 


*»  - 


r-  MU 


An  1 I Inst  r.it  ivf_  Kx.imj>l«‘ 

Kor  I I lust  rat  Ivo  inirin)S>-s  wn  shall  apply  aur  mathoils  to  soiiu-  ilala 
on  aii.A' 1 1'lat  ml  lllo  tosts.  Ilioso  data  wiT»*  ahst  rart  «sl  I rom  a roptut  hv 
Ni'lson  (l‘l/0),  and  piMtaln  to  t ho  hroakdowit  t lm*-s  ol  an  lusulatiu>>  fluid 
^■.ul>)ool«•d  to  a volta^o  stfi'ss.  riu>  data  aro  pros«‘Utod  In  Tablt'  S.l. 

Nolson  assuiTH's  that  llu'  lalluro  dlsirlhutlou  at  all  stross  lovols 
is  a Woihull  with  a soalo  p.iranK-tor  dosorlhisl  hv  tho  powi-r  law  and  the 
shapo  paramotor  invariant  with  tho  str»‘ss. 

Wi>  shall  apply  our  nudhods  to  show  that  tho  failure  distribution 
at  all  stross  lovols  I'ould  also  bt*  a lognormal.  Wo  ronvirk  that  our  d 1 s- 
onssion  Is  {'un'lii  i 1 1 tttU  f ih- , and  that  wo  have  no  basis  other  than  Nel- 
son's report  to  believe  that  our  model  as  described  in  Section  2.1,  and 
particularly  Equation  (2.2),  Is  valid. 


'1.  i 


II  wi>  I'lMioto  the  li'narithms  of  the  observed  f.illure  times  by 

i”l,. ’,),/*  aiul  l«l,2,...,n  , then  the  x can  be  used  to 

.1  ^ 


obtain  till'  least  s<iuari-s  »'stinuitor  of  1’  . This  estimator  turned  out 
1 1'  bo  l().<'tl2;  It  compares  very  well  with  tho  estimator  of  I’  obtained 
bv  N«'lson,  and  by  Al-Khayyal  aiul  Slngpurwalla  (l‘>77),  who  also  analyzed 
thosi'  data. 


Wo  next  obtain  tho  I'lnpirlcal  distribution  fnnct  U>us 


lyx  - PVj)  , 


i“l. . and  then  pool  those  using  Equation  ().l)  to  obtain  ll(x)  . 

Kocall  th.il  ll(x)  is  tho  distribution  of  tin*  logarithms  i>f  tho  failure  tiiiH's 

at  use  conditli>ns.  In  Elguro  '>.1  we  preseitt  a pli't  of  lUx)  on  ordinary 

\ 

gr.tph  papi'f,  whereas  In  Elgnre  S.2  wo  prest'nt  a plot  of  H(x)  on  normal 
probahilltv  paper.  Slnci'  the  plot  In  Figure  '>.2  reveals  linearity,  wo 
.iro  tompto»l  to  conioctur<*  that  uiuh'r  the  power  law  assiimpt  i<>n  the  »lls- 
tribiition  »’l  falhire  times  .tt  use  conditions  stress  Is  a lognormal. 


In  onhT  to  ci>nfirm  tlu'  above  con  lecture  wo  t<*st  for  the  hypothesis 
th.it  ll(x)  Is  .1  normal.  Tlu*  necessary  steps  Involveil  in  t'xecu.t  Ing  our 
prooi’diiro  .iro  as  lollows. 
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('HSI  KVKD  TIMhS  W ItKMAKlXlWN , IN 
MINIITKS  OK  INSlll.ATlNC  FLU  ID 

Voltage  In 

K 1 lovo  1 1 s 

(KV) 

16 

14 

12 

10 

1.97 

0.9h 

0.40 

17.01 

0.  19 

4.11 

82.81 

22.00 

2.18 

0.  19 

9.88 

21.02 

1 . h9 

0.  78 

89.  29 

171.88 

2.71 

8.01 

211.  10 

119.07 

21.10 

11 . 71 

2.71 

144.12 

0.  11 

7.  11 

0.  79 

20.40 

0.99 

(1 . 10 

11.91 

41.40 

1.99 

8.27 

1.91 

1 94 . 90 

l.h7 

51.91 

0.27 

47.10 

2.07 

12.12 

0.09 

7.74 

0.  9f> 

1.  H. 

100. 18 

1.  11 

4.81 

27.  80 

2.90 

2.  78 

1 1.  91 

11.  77 

4.0  7 

11.  24 

1 .11 

12.00 

10.  71 

72.89 

1.  Hiuior  llio  \uil  1 Itypolhi’s I s that  oai’h  11  (x)  is  a aormal  (i.i’.. 


ll(n) 


Is  a normiil)  the  maximum  likollhaod  estimators  of 


ami  H , a ami  B , respeetl vely,  are  for  )»1,2,3, 

1 ' * " ) I • *'  j 

an.l  4:  (.‘)02,  I.S25),  (2.228,  2.198),  and 

(1.821,  1.111). 


i 
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2.  For  the  jth  stress  level  we  compute 


X.  . - 01 

l.i  J.n 


ii.  Y 


**  J 


b.  ,(Y  ,) 

O.j  n^.l 


n. , 1 2 

■ 1 -S  /2 

— e ‘ ds  , 1 < i < n ; 

o “ J 


j 

J.  '(Vj'Vj.i’  J')-  • 

d.  choose  a grid  of  values  0<t,  <t„,  . . . , <t  < 1 , where 

^2  m ^ 


m Is  large,  and  obtain 


■ "'1 


1.  Repeat  Step  2 for  all  the  stress  levels  j=l,2,3,4 


4 . Compute  A 


■J  ^ 


, .1  = 1. 2. 3. 4 . 


^ "j 
i = l J 


S.  Compute  Z(tp)  = I A V (t.)  , £-l,2,...,m  ; Z(t.)  is 

j = l -1  ^ ^ 


the  pooled  empirical  process  at  the  m grid  points. 


6.  Compute 


D * sup 


(J,  "0  ■ 


Z(t|^)  , and 


D • imix(I)  , -D  ) . 
n ' n n 
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In  our  partliuhir  case,  1)^^  was  computed  to  he  0.4023;  the 
computation  was  based  choosing  m»20  grid  points. 

7.  In  order  to  Lest  If  0^^  ' 0.4023  is  significant  at  the 

levi'l  of  significance,  we  refer  to  tl>e  tables  given  by  Serfling 
•uid  Wood  (1977).  From  these  tables  we  note  th.at  the  critical 
value  at  the  93%  level  of  significance  is  0.833.  Hius,  based 
on  the  above  analysis  we  have  no  reason  to  reject  the  hypothe- 
sis that  ll(x)  , the  distribution  of  the  logarithms  of  the 
failure  tliiK's  at  use  conditions  stress,  is  a normal. 


Wo  also  tested  for  the  hypotliesis  that  each  H^(x)  , j“l,2,3,4  , 
is  a normal.  This  can  be  done  easily  by  computing 


and 


■=  sup  / V 

"j 

if  = inf  /v  (t.)\ 

".1  / 

ax/l)^  . -0  \ 

\ '\i  ’\i  / 


D = m. 

a ■ 


, for  j“l,2,3,4  . 


llu-  1)  , j-1,2,3.4  , were  computed  to  be  0.b32,  0.323,  0.434,  and 

i 

O.'l.!,  t i-spect  ive  ly . Once  again,  by  following  the  procedure  given  in 

Stop  /.  wo  have  no  re.ison  to  reloct  the  null  hypothesis  that  each 

II  (\)  is'  a normal. 
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